C onsistent use of evidencebased guidelines can significantly increase the extent to which patients receive recommended therapies and improve the quality and safety of care (1, 2). However, clinicians' compliance with evidence-based guidelines is poor and inconsistent (3-6). It is estimated that only approximately 50% of patients receive recommended therapies, a statistic that increased a mere 3% over the last decade (7, 8) .
C onsistent use of evidencebased guidelines can significantly increase the extent to which patients receive recommended therapies and improve the quality and safety of care (1, 2) . However, clinicians' compliance with evidence-based guidelines is poor and inconsistent (3) (4) (5) (6) . It is estimated that only approximately 50% of patients receive recommended therapies, a statistic that increased a mere 3% over the last decade (7, 8) .
Inadequate guideline compliance is a complex and difficult problem to tackle. It is now well recognized that multifaceted interventions achieve better guideline compliance results than one-dimensional interventions (e.g., clinician education only) (9, 10) . Yet, there is little agreement or guidance on which multifaceted approaches are more effective. A major reason behind this could be the absence of a suitably comprehensive theoretical framework to direct efforts to improve guideline compliance. Although there are several different conceptual models, mostly adapted from nonmedical disciplines, each looks through the lens of a specific discipline. For example, the model proposed by Cabana et al (11) primarily focuses on clinician characteristics to understand the causes of compliance/noncompliance behavior, while the Diffusion of Innovations Theory (DIT) (12) focuses on the innovation (in this case, guidelines) itself and the implementation characteristics. To expand understanding of guideline compliance, what is needed is an interdisciplinary approach that uses multiple lenses to identify factors affecting guideline compliance.
The purpose of this paper is to identify the factors that affect evidence-based medical or delivery system guideline compliance using an interdisciplinary approach. We review existing theoretical and conceptual models that elicit factors affecting guideline compliance and identify the major categories of factors to be considered. Where possible, we offer examples from clinical experience and empirical research that demonstrate the face validity of the factors identified. We focus on clinicians' compliance with guidelines to reduce infection rates as a case in point, although some of the findings generalize to compliance at several levels and across many clinical subject areas. Healthcare-acquired infections (HAIs) are a common cause of preventable harm (13, 14) , and much work has been done to improve compliance with infection control guidelines (15) (16) (17) (18) (19) , making it a rich and focal topic for this analysis. Based on our review, we propose an interdisciplinary conceptual framework that describes the presumed causal pathway of clinicians' compliance with evidence-based guidelines. We then describe a tool for identifying barriers to guideline compliance in a dynamic fashion to maximize success of implementation efforts.
METHODS
We conducted a literature review and a brainstorming session that included experts from various scientific disciplines to discover the theoretical and conceptual models that elicited factors affecting guideline compliance.
Literature Review
We searched MEDLINE, EMBASE, and CI-NAHL electronic databases for theoretical and conceptual models that attempted to explain clinicians' compliance with evidence-based guidelines. Search terms included a combination of the following three sets of free text words (combined with the "AND" function): 1) Guideline, Evidence-based Medicine; 2) Compliance, Adherence; and 3) Theory, Concept, Framework, Model, and Behavioral Theory.
Only English and full-length papers were included. The bibliographies of the papers identified through our search strategy were further searched for additional relevant literature. The identified papers were assessed for inclusion in a two-stage process. First, one author (APG) reviewed all the titles and abstracts to identify potentially eligible theoretical/conceptual models. In stage two, two authors (APG and JAM) reviewed full text copies of these selected papers independently to identify the theoretical and conceptual models to be included in this review. Any disagreements were resolved by discussion among three authors (APG, JAM, PJP).
Brainstorming Session
We also conducted a brainstorming session with 11 researchers from various disciplines (sociology, psychology, human factors engineering, health services research, organizational management, nursing, medicine, and informatics) who have studied guideline compliance. They were asked to identify wellknown theoretical and conceptual models in their respective fields and in other fields that were used to study guideline compliance. All of the models identified during the brainstorming session were included in this review.
Data Synthesis
Papers describing or testing each model were extensively reviewed by two researchers (APG and JAM) for factors that impact clinicians' compliance with evidence-based guidelines. Major categories emerged once the data were synthesized.
RESULTS
Eleven different models were identified by the literature review ( Table 1) . The brainstorming session identified two additional models that were not identified by the literature review (Table 1) . Following the detailed review of each model, we identified four broad categories of factors that affect guideline compliance: 1) clinician characteristics, 2) guideline characteristics, 3) system characteristics, and 4) implementation characteristics. In this section, we describe these four broad categories of factors in detail. Each broad category is described below using the most relevant and comprehensive conceptual model found in the literature. Any additional factors from the other conceptual models are also delineated to provide a comprehensive description of each of the four broad categories.
Clinician Characteristics
The model by Cabana et al (11) is among the most well-known conceptual models to identify clinician-related factors affecting guideline compliance (Table 2 ). Cabana et al (11) posited that three factors affect physician's compliance with evidence-based guidelines: knowledge, attitudes, and external factors. According to this model, lack of awareness or familiarity with guidelines, from variables such as high volumes of clinical information and poor access to guidelines, obstruct physician's knowledge of guidelines. Lack of agreement with a guideline, lack of self-efficacy (i.e., physician belief that he/she cannot perform guideline recommendations), lack of outcome expectancy (i.e., physician disbelief that guideline compliance will lead to desired outcome), and inertia from habits and routines influence physicians' attitudes about guidelines. The Cabana model described appropriate knowledge and attitudes as necessary but not sufficient for consistent guideline compliance. In fact, a physician may still experience external barriers that negatively impact her behavior to comply with a guideline. These barriers such as confusing and cumbersome guidelines and lack of resources are discussed in later sections.
The Theory of Planned Behavior (TPB) originated in the field of psychology and was intended to link attitudes and behaviors (20, 21) . TPB posited that attitude (the degree to which complying with a guideline is positively or negatively valued), subjective norm (perceived social pressure on clinicians to comply with a guideline), and perceived behavioral control (clinicians' perceptions of their ability to comply with a guideline by overcoming constraints and difficulties) predict guideline compliance. These predictors are in turn affected by clinicians' behavioral, normative, and control beliefs. Specifically, clinicians' attitudes toward complying with a guideline are af- (39, 40) fected by their behavioral beliefs (the perceived probability that complying with a guideline will lead to positive outcomes). The social pressure to comply with a guideline is formed by clinicians' normative beliefs (perception of colleagues' expectations of their compliance with a particular guideline). Finally, clinicians' perceived ability to comply with a guideline is formed by their control beliefs (the perceived presence of factors that may impede or facilitate guideline compliance). Very few empirical studies have attempted to use TPB to explain clinicians' compliance, and the findings are contradictory (22) . For example, a longitudinal study conducted among 120 critical and postcritical care units found that none of the factors from the TPB model significantly predicted observed compliance with hand hygiene guidelines (23) . In fact, intensity of activity in the unit measured as a fiveitem index (i.e., unit type, time of day, hand washing indication frequency, unit census, and nurse-to-patient ratio) predicted compliance rates. Two other recent studies did support aspects of the TPB model in explaining hand hygiene guideline compliance. A crosssectional survey of physicians and nurses from neonatal intensive and intermediate care units revealed that intention to comply with hand hygiene guidelines was significantly related to perceived control over the difficulty of performing hand hygiene and a positive perception of superiors' valuing compliance with hand hygiene (24) . Another cross-sectional survey found that attitudes and subjective norms were also significantly related to intention to wash hands (20) .
Both the Cabana et al (11) and TPB (21) models place substantial emphasis on the clinician characteristics and less emphasis on the other three characteristics. Furthermore, significant overlap was found in the factors identified by the two models ( Table 2 ). For example, the construct of "outcome expectancy" in the Cabana (11) model corresponded to the construct of "behavioral beliefs" in the TPB model. However, awareness and familiarity with a guideline and practice inertia were important clinician-related factors described in the Cabana model but not the TPB model. Similarly, normative beliefs and subjective norms were identified in the TBP model but not explicitly in the Cabana model. These findings indicate that no single conceptual model exists that comprehensively identifies clinicians' characteristics that affect their compliance with evidence-based guidelines.
Guideline Characteristics
Rogers applied the DIT (25), developed with regard to an individuals' adoption of any innovation, to understand how characteristics of a particular guideline can affect clinicians' compliance. A new guideline implementation was viewed as an "innovation" in the organization, and thus DIT may explain their adoption. Based on this theory, the adoption of an innovation (guideline) is affected by five attributes:
1) Relative advantage: Is complying with the guideline superior to not complying with it in terms of its effectiveness and cost-effectiveness?
2) Compatibility: Is the guideline consistent with clinicians' values, norms, and perceived needs?
3) Complexity: How easy is it to integrate the guideline into the current work practice? 4) Trialability: Can the clinician test or try this guideline with relative ease? 5) Observability: Can the clinician observe other clinicians that have incorporated the new guideline easily?
Based on DIT, an evidence-based guideline with most or all of the preceding five attributes will be more rapidly and widely adopted by clinicians.
A systematic review and evaluation of 23 published empirical studies revealed that relatively uncomplicated guidelines that clinicians could easily try had higher compliance rates compared to those that were complicated and not easily triable (26) . Interestingly, the review found no significant impact on compliance rates from observability. Furthermore, 47% of the variability in guideline compliance was explained by the characteristics of the guideline, suggesting that the DIT model only partially explains clinicians' compliance. The DIT model places substantial emphasis on guideline characteristics and less emphasis on clinician or system characteristics.
Two additional guideline characteristics have been reported to significantly impact compliance. One is the strength of the research evidence supporting a particular guideline. In general, the stronger and more consistent the research evidence supporting a particular guideline, the more likely that guideline will be adopted. For example, the guideline (checklist) to reduce catheter-related bloodstream infections was supported by a large corpus of evidence and was widely adopted (15, 27) . Conversely, guidelines to tightly control blood glucose are not well-supported, and this clinical practice is less common.
The other characteristic is the specificity of a guideline relative to when and for which patient populations it should be used and not used (28 -31) . Gurses et al called this the "exception ambiguity" and defined it as "the ambiguity on whether benefits of applying a particular guideline to a specific patient outweigh the potential risks and patient discomfort" (28, 32) . Take the recommendation to use leg straps to secure Foley catheters to prevent catheter-associated urinary tract infections as an example. Intensive care unit (ICU) nurses were reportedly questioning whether they should comply with this guideline if patients have significant edema, since the leg strap usually gets too tight and could cause blood flow restriction (28) . The ambiguity arises because the guideline does not clearly specify what to do and how to change practice in the case of patients with edema.
System Characteristics
System characteristics that affect guideline compliance can be differentiated from other categories of factors simply by asking whether a noncompliance issue would remain even if we replaced the specific clinician(s) involved, varied the nature of the guideline, or changed the implementation process. If yes, then noncompliance is likely linked to a system characteristic.
Human factors engineering offers robust conceptual models that characterize how a care system affects guideline compliance. The International Ergonomics Association defines human factors engineering as "the scientific discipline concerned with the understanding of interactions among humans and other elements of a system, and the profession that applies theory, principles, data and methods to design in order to optimize human well-being and overall system performance" (33) . In other words, human factors engineers (re)design work systems to improve the interactions between people and their work environment and hence the system's performance, safety, and quality (34) . Relative to implementing an innovation (such as introducing a new guideline), human factors engineers investigate the characteristics of the innovation and the system in which it will be used to identify factors that may support or hinder its adoption and effective use. While the application of human factors engineering is more mature in other industries such as aviation, it is increasingly being applied in health care (33, 35, 36) .
The Systems Engineering Initiative for Patient Safety (SEIPS) (37) is a human factors model that can be used to describe clinicians' compliance with evidence-based guidelines. According to SEIPS, which was based on the work system model of Carayon and Smith (38) , a care system is composed of five main components: person (e.g., physician, nurse), tasks (e.g., stocking medical supply carts), tools/technologies (e.g., checklist), physical environment (e.g., layout, noise level), and organization (e.g., culture, resources, leadership). These five components interact with and influence each other and their interactions affect processes and outcomes. In this paper, we classified clinicians' characteristics as a separate category, as other theories and conceptual models (e.g., Cabana, TPB) provide more detailed descriptions of clinicians' characteristics.
The strength of the SEIPS model is its focus on the interaction of system characteristics and humans and how to redesign care systems to improve performance, in this case compliance with evidence-based guidelines to prevent infections. Therefore, SEIPS can be used to determine how to intervene in a system to improve compliance with guidelines. For example, nurse empowerment (an organizational characteristic) to stop a clinician from inserting a central line if guidelines are disregarded can significantly increase compliance rates. Also, placing a sink or alcohol dispenser inside and outside each patient room (physical environment) can reduce clinician workload and make it easier for them to comply with the hand-washing guidelines.
According to the SEIPS model, some negative elements in a care environment that are not feasible to change may be
Although highly demanding work conditions cannot be changed (at least in the short term), using a checklist as a cognitive aid when placing a central line will reduce the negative impact of high workload and distractions in the work environment on patient safety.
Using a grounded theory approach, Gurses et al (28) recently developed a human factors conceptual model that identified ambiguity as a major factor leading to noncompliance with evidencebased guidelines. This model identified five types of ambiguities that negatively affect guideline compliance, four of which are related to system characteristics: task ambiguity (e.g., no good mechanism to clarify and clearly communicate goals for a patient to the multiple clinicians providing care), expectation ambiguity (e.g., unclear norms and expectations regarding guideline compliance), responsibility ambiguity (e.g., lack of clarity regarding who is responsible for completing a particular step of a guideline), and method ambiguity (e.g., confusion over where to find the necessary supplies to comply with the particular step of a guideline). This framework can identify ambiguities in a system that are causing noncompliance and suggests strategies to reduce or eliminate these ambiguities.
Implementation (Change Process) Characteristics
When and how an infection control guideline is implemented (as a new innovation) is critical in ensuring high compliance. In this paper, we call these factors implementation or change process characteristics. Some of the change process factors may overlap with factors in the systems category. Within the same system, however, several possible approaches to implementing an intervention may unfold. Also, within the same system, some implementations of even the same intervention with similar clinician groups will be successful, while others will fail. Since the process of implementing a guideline, independent of the existing system characteristics, is so critical for successful adoption, we believe it merits its own category. In this section, we describe the two well-known conceptual models that describe the factors that affect the success of organizational change efforts such as implementing a guideline: the Organizational Change Manager Model (39, 40) and the Social Marketing Model (41, 42) .
The Organizational Change Manager Model
This model was developed using a subjective Bayesian approach and an integrative group process technique (e.g., expert opinion was used to identify and weight factors predicting change success). The model identified 16 factors associated with successful change (39) . Ten of these factors are applicable and important to consider when implementing programs aimed at improving guideline compliance. We describe these ten factors below with supporting examples and evidence from previous successful infection control improvement programs.
1) Tension for Change.
Adequate dissatisfaction with the status quo is a key predictor of the successful implementation of an innovation (43, 44) . Since tension is difficult to create, it is important to consider the existing level of tension for change when deciding what innovation to implement and when to implement it (40) . Both internal factors (e.g., leadership focus) and external factors (e.g., payment policies) can create the tension for change (45) . An excellent example of the latter is the Centers for Medicare and Medicaid Services' (CMS) policy change regarding reimbursement for HAIs. Since October 2008, CMS has withheld reimbursement for some HAIs that are not present on hospital admission and could reasonably have been prevented through the application of evidence-based guidelines (http://www.cms. hhs.gov/HospitalAcqCond/). This change in reimbursement policy has led hospitals to invest resources to improve their system design toward achieving better compliance with evidence-based guidelines (46) .
2) Mandate/Preparation Planning. Implementing a new innovation such as a guideline will be more successful if a mandate that clearly articulates the need for change is issued at a high level within the organization. Adequate preparation and planning in which the needs, tasks, and high performance expectations are clearly defined is necessary before launching a new innovation or program (47). (12, 49) . Change agents attempt to influence values, norms, and skills by sharing ideas, clarifying concepts, and providing encouragement. To have a positive impact on program implementation, change agents should have prestige both inside and outside the organization (50), be committed to the success of the program, be persistent (51), and have influence and access to resources in the organization (52) . The change agent can be either external or internal to the organization (49) . In all our collaboratives, we acted as the external change agents by telling stories of patients harmed by infections and encouraging teams that most of these infections are preventable rather than inevitable, and by ensuring teams evaluated their infection rates and estimated the number of associated deaths (15, 48, 53) . 5) Strong Opinion Leaders. The rate of innovation adoption can be increased by identifying opinion leaders in a system and directing any promotional activities about the particular innovation to or through these individuals (12) . Opinion leaders facilitate transfer of research into practice by raising awareness and spreading any new information about an innovation within professional networks (12, 25, 54, 55) . A quasi-experimental study found that opinion leaders' tutorials were more effective than the traditional infection control in-service in improving compliance with urinary tract infection guidelines (56) . The relative strength of the supporters (opinion leaders) com-pared to opponents is a critical determinant of an innovation's success (40) .
3) Leader and Middle Manager Involvement and
Support. Involvement and support of leaders and middle managers are critical for successful implementation
6) Exploration of Problem and Customer/Staff
Needs. Clinicians' needs and the underlying causes of their resistance to change should be identified and addressed before a guideline is implemented (40) . Pretesting of the intervention with a sample of target clinicians is also essential (41) . For example, the intervention to reduce CLABSI was first tested at the Johns Hopkins Hospital before implementation in the Michigan Keystone ICU project. Furthermore, before implementing the intervention, the Hopkins team solicited input from a diverse group of Michigan nurses and physicians regarding the relevancy of the intervention for their ICUs. Monitoring the impact of the intervention on clinicians and addressing any problems they face during and after the implementation phase are also critical (41, 57, 58) .
7)
Seeking Ideas From Outside the Organization. Implementing innovations such as guidelines are more likely to be successful if implementers look to other organizations for ideas and strategies (39, 40, 59) . Boundary spanners play a critical role in this process. They have significant social connections within and outside the organization and provide a link to the outside world with respect to adoption of a particular innovation. Research indicates that organizations that support boundary spanning roles adopt innovations quicker (60, 61) . Teams from two health systems participating in one of our ICU CLABSI reduction collaboratives reported spreading the intervention to other units via the interactions of a focal team member (boundary spanner) with representatives from these other units (Marsteller et al: A multicenter phased cluster-randomized controlled trial to reduce central line associated blood stream infections, unpublished data, 2009).
8) Funding Availability. Implementing an innovation is more likely to be successful if adequate financial and other resources, including time and staff availability, are allocated (62, 63) .
9) Monitoring and Feedback Mechanisms. An organization must have adequate and appropriately designed monitoring and feedback mechanisms that can assess and report performance both during implementation and after the innovation is implemented (12, 40) . At the start of our Keystone ICU Project, for example, many ICU clinicians were not aware of their CLABSI rates and did not get regular feedback about them. During the project, all ICUs received quarterly reports about their infection rates and the number of weeks without an infection (15) .
10) Clear and Simple Implementation
Plan. An innovation is more likely to be adopted if the implementation plan is simple and the schedule and task assignments are clearly defined (47) . In a recent cluster-randomized trial of the CLABSI prevention protocol, the primary intervention group provided feedback in interviews that they felt we should develop a
The Social Marketing Model
Another approach to successfully manage the change process is social marketing, which has origins in business and advertising. It is "the application of commercial marketing technologies to the analysis, planning, execution, and evaluation of programs designed to influence the voluntary behavior of target audiences in order to improve their personal welfare and that of society" (64, p. 7). Social marketing had been used particularly to improve hand hygiene compliance (42) . It borrows principles from the commercial sector and applies them to social and healthcare problems. In addition to the ten factors described above, social marketing argues that the following three factors should be present for a guideline implementation effort to be successful (41, 42) .
1) Segmentation and Targeting. Social marketing argues for dividing the audience (i.e., clinicians) into segments based on common characteristics such as job type, readiness to change, desired benefits, and values in order to efficiently and effectively use scarce resources. Then, one or a few audience segments are targeted and if possible, the intervention is customized for this audience. Segmentation and targeting are used to achieve higher adoption rates and behavior changes while using scarce resources efficiently and effectively (41, 57) . For example, we met with four groups (nurses, intensivists, infection control practitioners, and hospital executives) separately in the Michigan Keystone ICU Project and discussed their unique roles and needs relative to the project to ensure it was successfully adopted.
2) Exchange of Value. To improve adoption of a guideline, clinicians should be offered tangible and intangible benefits and reduced costs in exchange for voluntarily participating in the intervention (57, 65) . This can be achieved by strategically applying the marketing mix or the 4 Ps (product, price, place, promotion) in the design and implementation of the intervention. A product or service is a bundle of benefits that meets clinicians' needs (57) . Price is the tangible and intangible cost of performing a desired behavior (67) . Place is the reduction of the location cost of a product or service by increasing accessibility and convenience (57) . Promotion is the use of communication and persuasion strategies to make the product or service familiar, acceptable, and desirable to clinicians. Evidence supports the use of the marketing mix to improve guideline compliance (9, 42, 67) . For example, a systematic review found that clinicians wash their hands more frequently in units that have a higher number of sinks. According to this model, there are intentional and unintentional guideline noncompliance errors. The unintentional errors are slips and lapses. These are skill-based errors; that is, they occur when a clinician fails to do a routine, highly practiced task. Most slips are commissions of nonintended actions (e.g., keeping the drainage bag above the patient's bladder during transport, or contaminating a sterile field), whereas most lapses are omissions of intended actions (e.g., forgetting to elevate the head of a ventilated patient to 30°).
Intentional errors include mistakes and violations. Mistakes are actions that are wrong but carried out by the clinician with the intention of complying with a guideline. An example would be giving the wrong dose of insulin while attempting to comply with a nomogram to adjust the insulin dose based on blood glucose. Violations occur when a clinician deliberately deviates from a guideline. It should be noted that if a clinician carefully evaluates the situation and decides against guideline compliance due to patient characteristics and risks, this may not be an error or a violation. Violations of guidelines in health care usually occur due to the human nature of taking the path of least effort. An example of this type of violation would be a nurse guessing how much insulin to give a patient rather than following a tight glucose control protocol to manage a patient's insulin level. In this case, the nurse perceived the tight glucose control protocol as complex and very wordy, and took a shortcut to make her job easier (28) .
The human error theory has the potential to greatly contribute to our understanding of different types and causes of noncompliance. Categorizing noncompliance using Reason's framework (71) of intentional (mistake, violation) and unintentional (slip, lapse) error is critical, since different types of errors, or in this case noncompliance behaviors, have different causes and potentially different remedies.
Interdisciplinary Conceptual Framework of Clinicians' Guideline Compliance
Improving compliance with evidencebased guidelines to reduce HAIs is a challenging problem yet is critical to reduce this type of preventable harm. We have described several theoretical and conceptual models developed or adapted from different disciplines to explain compliance rates and many published studies aimed at improving guideline compliance. However, consistent compliance with evidence-based guidelines remains elusive. One main reason for this is the complex and interdisciplinary nature of the problem. It is impossible for one discipline to comprehensively identify and describe the underlying causes of guideline noncompliance, as each discipline sees guideline compliance through a different lens and these lenses have different strengths and limitations. For example, the TPB model focuses on characteristics of clinicians, whereas human factors models focus on the environment in which clinicians work.
An interdisciplinary framework could provide a more comprehensive blueprint for efforts to improve guideline compliance and ultimately patient safety. Efforts should include the clinical disciplines of medicine, nursing, and pharmacy, as well as human factors and systems engineering, psychology, health services research, management, sociology, marketing, economics, epidemiology, and informatics. The more facilitators and barriers we can identify by tapping into all disciplinary lenses, the higher the probability that performance will improve. Figure 1 shows the expected interrelationships among the four major categories of factors (characteristics) that influence guideline compliance. Preexisting characteristics include provider, system, and guideline characteristics. The system and guideline characteristics each influence provider characteristics, such as self-efficacy in using the guideline. Guideline characteristics can have indirect effects on system characteristics through the implementation characteristics, leading perhaps to the creation of a new or altered routine or process. We suggest that the guideline is largely unmodifiable by the system or provider, as it is developed based on the existing scientific evidence.
Interactions and the Dynamic Nature of Factors Affecting Guideline Compliance
According to the conceptual framework, the implementation characteristics variable acts both as a moderator and as a mediator. The three sets of preexisting characteristics, in turn, influence implementation characteristics (or the change process), and in fact the implementation characteristics may in turn change provider and system characteristics (in a feedback loop). Furthermore, the preexisting characteristics impact clinicians' behavior (in this case comply or not comply with the guideline) through their impact on implementation characteristics. The mediating and moderating effects of the implementation characteristics are likely to vary across factors, and there may be more than one hypothesis for a given factor. For example, within provider characteristics, the negative impact of low self-efficacy on compliance might be mediated (or absorbed) by the positive effects of a good implementation, including enough education to change selfefficacy assessments. In opposition, a good implementation might improve self-efficacy only among those with low self-assessments, which would be a moderating effect. Ultimately, the clinician's compliance behavior will impact patient outcomes, with the caveat that patient characteristics may drive clinician behavior independent of the process being considered in this paper.
Factors that affect guideline compliance are dynamic in nature and will likely change over time. When factors do change, it is possible that this will cause other changes in the pathway (Fig. 1 ) that should be anticipated and rectified. For example, further scientific research can improve or weaken the strength of evidence supporting a guideline. Alternatively, the resources dedicated for improving compliance with a guideline may decline due to other competing patient safety initiatives. Taking these factors into consideration, it is important to realize that guideline implementation is a continuous process rather than a onetime effort. Whenever compliance with a guideline declines, the cause should be determined by identifying the changes over time in the contributing factors given in Table 2 .
Identifying and Eliminating Barriers to Compliance with the Evidence-Based Guidelines
The success of any guideline implementation effort depends heavily on identifying barriers to consistent compliance and developing strategies to eliminate these barriers or mitigate their effects. We developed the Barrier Identification and Mitigation (BIM) tool to provide a systematic, research-based approach to identifying barriers and reducing their effects (29) . The BIM tool is practical and user-friendly, suited for use by front-line clinicians, nonclinicians, and executives. The tool requires completing a five-step process. First, an interdisciplinary team is assembled. Second, each team member identifies barriers based on observations, interviews, and walking the process (trying out or simulating the process to carry out a particular guideline) using the "barrier identification form." They simultaneously identify possible corrective actions and record these on the same form. Third, one team member compiles the data collected on a table form. Fourth, the team convenes, reviews the barriers identified, and prioritizes them based on the likelihood of experiencing a barrier and the probability of that particular barrier leading to noncompliance. Finally, the team develops an action plan for each prioritized barrier. A leader is identified for implementing each action along with the measures and evaluation methods.
It is important to consider possible interactions among groups of characteristics while designing and implementing interventions to mitigate or eliminate barriers, since it may not be feasible to modify some factors that affect providers' compliance. For example, complying with a particular guideline may require a considerable and unavoidable amount of effort from care providers (task characteristics) due to the nature of the guideline (such as evidence-based central line insertion). However, this barrier may be overcome if appropriate and well-designed tools and technologies are made available (e.g., availability of a central line cart that stocks all necessary supplies for insertion, use of checklists) and if the organizational structure is modified (e.g., adequate autonomy is provided to nurses to stop procedure line insertion if there is a deviation from the guideline) to facilitate the task. Rather than focusing improvement efforts on factors that are hard or impossible to modify, the focus should be on those that are easier to manipulate and can improve compliance through their interactions with the "hard-tomanipulate" factors.
A process of looking forward and backward in the causal pathway (Fig. 1) , and looking for antecedents and consequences of a change in some factor that ultimately influences guideline compliance, can help identify all the causes and the appropriate intervention point to bring compliance to desired levels. For example, staff complaints about the amount of time needed to enact the new guideline may be considered the compliance problem. However, these complaints might originate from staff not including the new process in their daily routine, and the contributors of that problem might include insufficient practice time during the educational effort or disagreement on the best dissemination techniques among members of the original implementation team. Looking forward in the causal pathway, potential consequences of not standardizing the practice include intentional noncompliance-staff slipping back to old methods and undermining the guideline by their actions and words. Problem-solving efforts must envision whether potential solutions will aggravate the identified compliance problem or its anticipated consequences. Time-intensive retraining, for example, could increase staff impressions that the guideline is not time or cost-effective.
We believe the BIM tool can help identify barriers to guideline compliance and reduce their effects. The concepts and principles underlying the BIM tool have been successfully used in several patient safety improvement efforts, including the Keystone ICU Project, which significantly reduced CLABSI rates in 103 ICUs in Michigan and nearby states, and an ongoing collaborative aimed at reducing surgical site infections and improving surgical safety. The BIM tool should be used in the preimplementation phase of an effort to anticipate barriers and mitigate them before a guideline is implemented. It can also be used during the pilot and implementation phases to identify active barriers. After the implementation phase, the BIM tool can be used periodically (every 3 to 6 months or so) if compliance is below expectations.
CONCLUSION
Clinicians practice medicine to help rather than harm patients. As such, there is likely a reason or reasons why clinicians do not comply with a guideline. If we are to improve patient safety and reduce preventable harm, we must identify and eliminate those reasons. The pairing of interdisciplinary conceptual framework proposed in this paper and the practical BIM tool provide a comprehensive systematic approach to improving guideline compliance. The interdisciplinary framework can be used by hospital executives, administrators, frontline clinicians, and quality/patient safety improvement specialists-before, during, and after guideline implementation and infection control efforts-to identify factors that may or are potential barriers to successful adoption, compliance, and sustainability.
